Background: Intraoperative blood salvage as a blood-saving strategy has been widely used in surgery. Considering its theoretic risk of malignant tumor cells being reinfused and the corresponding blood metastases, the safety of intraoperative blood salvage in cancer surgery remains controversial.
Introduction
Intraoperative blood salvage (IBS) is a kind of blood-saving strategy that uses autologous transfusion and is widely used during surgery with massive blood loss to reduce the allogenic blood transfusion volume. [1, 2] Generally, autologous transfusion includes the following 3 modalities: first, preoperative autologous blood donation (ABD), including predeposited autologous blood that was stored, retransfused during surgery, and requires patients to donate blood before ≥2 before surgery; second, acute normovolemic hemodilution (ANH), which requires collecting blood preoperatively with subsequently artificial dilute and reinfuse during surgery; third, IBS, an attractive blood management strategy, retrieves and filters blood lost during the operation and then instantly reinfuses it. [3] In addition, IBS could eliminate many complications associated with storing and processing homologous donor blood. [4] However, many surgeons still hesitate to embrace IBS for its theoretical risk of increasing the tumor recurrence rate. [5] These surgeons presume that tumor cells would be reinfused with IBS blood by cell saver, which would result in tumor cell dissemination. Even though this hypothesis is unwarranted, the use of IBS is still restricted by this conjecture. A case report published in 1975 reported that IBS may have cause neoplasm metastasis during the operation of a lung cancer patient. [5] Since then, IBS is no longer recommended for tumorrelated operations. [6] In view of this conjecture, whether or not tumor cells pass through the cell saver system is the major point of controversy and significantly hampers the clinical utility of IBS. With the development of materials science, the leukocyte depletion filter (LDF) has been suggested to effectively remove a variety of malignant cells in spine tumor surgery and colorectal tumor surgery. [7] In addition, allogeneic transfusion is widely used in clinical practice, but it also has some inherent limitations, such as allergic reaction, infection, hemolysis, perioperative myocardial infarction, postoperative low-output cardiac failure, transfusion-related immunomodulation, transfusion-related acute lung injury, and life-threatening virus infection.
However, some of the previous studies did not focus on pure intraoperative blood salvage, and they analyzed the other subtype of autologous transfusion methods. [19, 20] Therefore, we conducted this meta-analysis with the pretension to evaluate the oncological safety of pure IBS compared with allogeneic blood transfusion (ABT) in operations of malignant disease.
Methods
Following the Preferred Reporting Items for Systemic Review and Meta-Analysis (PRISMA), [21] we searched the Cochrane Library (January 1, 2005-November 24, 2017), MEDLINE via PubMed (January 1, 1966-November 24, 2017), and EMBASE (January 1, 1980-November 24, 2017). We combined searching methods with free words and subject terms in searching databases. We searched the terms "Blood Transfusion, Autologous" and "Neoplasms" in PubMed and Cochrane Database of Systematic Reviews and "Blood autotransfusion" in EMBASE as subject terms. The following terms were also utilized: "cell salvage," "cell saver," "blood salvage," "autotransfusion," "autologous transfusion," "Blood Cell Salvage," and "retransfusion." Because studies included in this meta-analysis have been published, it is not needed for the ethical approval from ethics committees.
After searching the databases, 2 researchers screened and excluded the articles through title and abstract according to inclusion criteria. We included only English studies that compared IBS and ABT during the operation, regardless of what research type or publication status. The intervention group was strictly confined to the IBS method. Those studies with the autotransfusion method of ABD or ANH were excluded. Therefore, the intervention group comprises patients who accepted pure IBS therapy, and the control group comprises patients with the same type of malignant tumor who used ABT in their operations. The studies that passed the first-round selection were further filtered by reading the full-text and removed from this study based on exclusion criteria by 2 researchers.
The data analyzed in this study were extracted from the full-text article and include the following parameters: name of the first author, periodical titles, publication year, type of tumor, IBS group characteristics, control group characteristics (allogeneic blood transfusion group), exclusion criteria, sample size, length of follow-up, and mean patient age ( Table 1) . One author extracted data, and another author checked this process. We also strived to search for any relevant information from the references of every included report.
The quality assessment of all of the included studies were determined by 2 authors based on the Newcastle-Ottawa Scale (NOS), and those studies had at least a score of 5.
[22] Therefore, we deemed that the included studies were reliable for this metaanalysis. Articles were evaluated and discussed with a third person when any divergence existed.
The primary outcome of the present study is the tumor-related recurrence rate (RR). We collected and analyzed the 1-year recurrence rate, 3-year recurrence rate, and 5-year recurrence rate. In addition, other survival outcomes, including the overall survival (OS) rate and the disease-free survival (DFS) rate, were analyzed and reported as well. Other parameters, such as the volume of allogeneic blood transfusion in the perioperative period (mL), the allogeneic blood transfusion rate in the perioperative period, and the length of hospitalization, were also collected and analyzed.
The dichotomous data were compared with odds ratio (OR) and the continuous data by the mean difference (MD). We switched the continuous data presented as median (quartile or range) to the mean (standard deviation) based on a certified formula. [23] The outcomes were estimated with a random-effects model. Statistic heterogeneity was presented by both chi-squared value and I 2 . Publication bias was assessed by funnel plots. Sensitivity analysis was used to ensure the credibility of the result. All above analyses were processed using Review Manager 5.3 (Cochrane Collaboration, Oxford, UK) and STATA version 14.1 (Stata Corp LP, College Station, TX).
Considering the inherent heterogeneity of different kinds of tumors, we conducted subgroup analyses of the 5 studies for liver cancer surgery. We collected and evaluated the 5-year overall survival for the patients from these studies.
Results
We retrieved 3169 records within 255 duplicates. After reading the titles and abstracts, 74 articles remained for reassessing according to their full-text. After reading the fulltext of these articles, we included 17 studies in which blood salvage was performed intraoperatively. However, 8 of these studies were excluded due to a lack of outcome indicators ABT = allogeneic blood transfusion, HCC = hepatocellular carcinoma, IBS = intraoperative blood salvage, NOS = Newcastle-Ottawa Scale, SD = standard deviations. *
Switched to mean ± SD according to the formula of Cochrane handbook. [21] Wu [18] ; 1999, Mirhashemi et al [24] ; 2005, Stoffel et al [25] ; 2010, Ubee et al [26] ; 2011, Bower et al [27] ; 2011, Ubee et al [17] ; 2015, Lyon et al [28] ; 2017, Elmalky et al). [29] In total, only 9 studies were available to pool into this meta-analysis [1, 2, [30] [31] [32] [33] [34] [35] [36] (PRISMA Flow Diagram). Except for the study from Engel et al, [32] which was a prospective study, all of the other included studies were retrospective studies. We also evaluated the quality of all included studies with the NOS scale, and the results showed that all studies had a score >5. Five studies reported a follow-up period as follows: 25.8 ± 15.1 months in the IBS group and 17.9 ± 12.8 months in the ABT group.
For all included studies performed in statistics, there were no significant differences in overall survival (Fig. 1) , disease-free survival (Fig. 2) , or recurrence rate (Fig. 3) between patients in the IBS group or patients in the ABT group. In subgroup analyses, there were no significant differences in the postoperative 1-year recurrence rate (95% CI, 0.61-1.28; P = .32, Fig. 3A) , 3-year recurrence rate (95% CI, 0.72-1.21; P = .66, Fig. 3B ) or 5-year recurrence rate (95% CI, 0.71-1.05; P = .37, Fig. 3C ) between the IBS and ABT groups. In addition, we noticed that patients in the IBS group showed a lower recurrence rate than the ABT group in 2 studies. However, these 2 studies showed similar overall survival outcomes and disease-free outcomes between the 2 transfusion methods. [2, 36] Publication biases were not observed in this meta-analysis, with the P value for the Egger linear test of 0.245 (t = À1.44).
All stage of grade of tumor of included studies have not reported to be difference significantly. Only 2 of them reported postoperative complications. [2, 31] Kim et al [2] reported non-IBS group has higher renal dysfunction (P = .028), bleeding (P = .046), bacterial infection (P = .012), and urinary tract infection (P < .001) morbidity.
There was no noticeable heterogeneity between the IBS and ABT groups in overall survival (I 2 = 0%, P = .99), disease-free survival (I 2 = 0%, P = .68), or recurrence rate (I 2 = 0%, P = .64). In addition, we considered the potential bias associated with different diseases and operations. A subgroup analysis was performed on 5 studies, which focused on liver transplantation surgery, [1, 2, [34] [35] [36] and the results showed that there were also no significant differences in the 5-year overall survival outcomes (95% CI 0.57-1.67, P = .92, Fig. 4A ) between the IBS and ABT groups. Remarkably, the IBS group showed a lower 5-year overall recurrence rate than the ABT group (95% CI, 0.46-0.92, P = .02, Fig. 4B ). Both of these studies presented low heterogeneity (I 2 = 0%) in the overall survival and recurrence rate. 
Discussion
In the present study, we used the recurrence rate as the primary outcome, and the overall survival and disease-free survival was used as the secondary outcomes. In total, 6 included studies performed overall survival as the primary outcome, and 4 included studies performed disease-free survival as the primary outcome. There were no significant differences between the IBS and ABT groups in the 1-year, 3-year, or 5-year overall survival or disease-free survival outcomes. Meanwhile, for the 6 included studies, patients in the IBS group had a similar recurrence rate as patients in the ABT group. A study reported that the average intraoperative blood loss in open radical retropubic prostatectomy is over 1000 mL. [17] In addition, a report based on 984 living donors presented that the mean intraoperative blood loss in hepatic resection was 691.3 ± 365.5 mL. [37] Given these results and considering the potential intraoperative blood loss in surgery, surgeons should always be prepared for preoperative transfusion. However, allogenic blood transfusions were associated with various complications that threatened patient recovery and prolonged hospital stays. Even so, the thought of the potential risk of tumor cells being collected intraoperatively along with blood and then reinfused into patients that may result in tumor metastasis, most surgeons do not take IBS into account. However, there are no large-sample multicenter random control trials to support this thesis and is based on a case report in 1975 that reported that tumor cells were found in the cell saver. [5] This finding directly resulted in the American Medical Association Council on Scientific Affairs stopping intraoperative autologous transfusion used for cancer surgery. [6] Nowadays, IBS has been proven that it could reduce postoperative complications and has shown to be cost-effective. [2] However, whether intraoperative autologous transfusion truly increases the risk of tumor metastasis remains controversial. Great efforts have been made to prove this technique to be efficient and safe. In the present study, we found no significant differences between the IBS and ABT groups in overall survival outcomes, disease-free outcomes, or recurrence rates. These results are consistent in the 1-year, 3-year, and 5-year subgroup analyses. However, we must emphasize that this result is based on different kind of tumor studies. Additionally, this meta-analysis included only a few kinds of malignant diseases, such as hepatocellular carcinoma and urogenital tumors. On the one hand, considering the tumor heterogeneity, the metastasis risk is completely different in different kinds and stages of tumors. [38] [39] [40] Considering the variety of malignant diseases, the results of these analyses may have selection bias. On the other hand, there was only one prospective study, and other included studies were retrospective studies. The natural limitation of retrospective studies cannot be neglected. We noticed that 5 studies focused on hepatocellular carcinoma. Therefore, we performed a subgroup analysis comparing the 5-year overall survival outcomes between the IBS and ABT groups. Compared with ABT, IBS did not improve the mortality risk with long-term follow-up for patients with hepatocellular carcinoma who underwent liver transplantation surgery. Interestingly, we found that the 5-year recurrence rate in the IBS group was significantly lower than that in the ABT group. This result may be because transfusion-related immune modulation would accelerate cancer progression. Two meta-analyses have shown that ABT is associated with postoperative survival in colorectal cancer and carcinoma of the duodenal ampullary. [41] [42] [43] Even though we need more evidence in the other types of cancer surgery; however, more studies may imply that we should strive to reduce the intraoperative ABT. However, limited numbers of studies were included in these analyses. This phenomenon illustrates that IBS is not inferior to allogeneic blood transfusion and may even be better than ABT.
Circulating tumor cells may be the key factor that results in distal metastasis of the tumor. The leukocyte filter was proven to filter the hemangiosarcoma and hepatocellular carcinoma cells completely in experiments. [44, 45] Meanwhile, Kumar et al [46] found that intraoperative cell salvage with a leucocyte filter can effectively eliminate tumor cells from salvaged blood in spinal tumor surgery. However, whether tumor cells are completely filtered in clinical settings and whether the filter eliminates the risk of tumor cell metastasis are still pending. However, with the development of technology, the combined use of the new generation leukocyte filter may be the hope for the widespread promotion of IBS. In addition, several studies have successfully confirmed that the autologous transfusion strategy can reduce the need for allogeneic blood during an operation. [1, 2] However, these conclusions were made by comparing all 3 subtype methods of autologous transfusion and allogeneic blood transfusion. [19, 20] Current evidence supports the idea that IBS could reduce the need for a blood transfusion. Only 4 included studies compared the allogeneic blood transfusion volume between 2 groups, but the heterogeneity was high (I 2 = 85%). Therefore, it is difficult to conclude that the IBS can save the amount of allogeneic blood.
To evaluate the safety and efficiency of IBS, this meta-analysis included 9 studies and showed that IBS was comparable with ABT. However, several limitations are also included in the present study, as follows: we only included studies that compared IBS with ABT, and most of the included studies were retrospective research; the selection bias cannot be neglected. The study included several malignant diseases, and the natural difference between these tumors may affect the prognosis of patients; the hybrid effect brought by the retrospective study and different kinds of tumors may lead to a bias of the final results. Therefore, a further large-sample size randomized control study with each kind of tumor surgery is expected to solve these limitations.
Conclusions
During surgery for malignant tumors, intraoperative blood salvage did not increase the tumor recurrence rate and had comparable survival outcomes with allogeneic blood transfusion. However, due to the limitation of evidence, the wide application of intraoperative blood salvage requires further multicenter randomized control trials to verify these results.
